Introduction
Isolation of more than one bacterial species in a significant bacteriuria has been taken to indicate chronic or complicated infection [ 13. Polymicrobial urosepsis carries a significantly higher mortality than monomicrobial urosepsis, particularly when complicated by bacteraemia [2] , and the detection of true significant polymicrobial bacteriuria can serve as a non-invasive marker of underlying abnormalities [3] . Little attention has been given to the possibility of heterogeneity in single-species bacterial cultures from urinary tract infections. Colonial variation within a single strain of Escherichia coli can lead to an erroneous diagnosis of a mixed culture. This is a recognised problem [4] , but generally it seems to be assumed that cultures are pure if they appear to be of a single species, are colonially homogeneous and the level of bacteriuria is significant. Therefore, the presence of more than one strain of the same species in a urine culture is likely to pass undetected in most routine laboratories.
In this study, the homogeneity of apparently pure cultures of bacteria from urine samples was investi-gated by pyrolysis mass spectrometry (PyMS), a highly discriminatory method for comparison of bacterial isolates [5] .
Materials and methods

Isolates
Ten consecutive urine specimens yielding a significant (> 100 000 cfu/ml) and apparently pure culture of E. coli were studied. All the specimens were inoculated for culture within 2 h of being obtained from the patient. Brief clinical details are listed in Table 1 . Each isolate was identified as E. coli by the API 20E system. Cultures exhibiting colonial variation were excluded [4] . The urine isolates were examined in five batches, each comprising isolates from two urine samples.
Ten distinct colonies randomly selected from the primary culture plate were subcultured twice on to two halves of a nutrient agar plate to give semiconfluent growth. These nutrient agar plates were taken from a single batch of medium. The subcultures were incubated overnight at 37°C. As part of the initial diagnostic procedures each primary culture was tested for susceptibility to ampicillin, trimethoprim, cephalexin, gentamicin, cefuroxime and ciprofloxacin by a standard disk diffusion method and this was repeated on the single colony subcultures. 
Pyrolysis mass spectrometry
Each batch was examined separately but in the same manner, as described previously [6] . Colony material from each duplicate subculture of each isolate was smeared on to three pyrolysis foils (Horizon Instruments Ltd, Heathfield, Sussex) and the foils were heated at 80°C for 5 min. All samples in the batch were processed on a Horizon Instruments PyMS 200X pyrolysis mass spectrometer, pyrolysing at 530°C for 4 s.
Integrated ion counts at unit mass intervals of 51-200 were recorded on to floppy disk, together with the pyrolysis sequence number and the total ion count for each sample. Spectra from the triplicate samples of each of the duplicate subcultures of each isolate were regarded as six-fold replicate analyses.
Data analysis
This has been described previously [7] . Briefly, after initial correction for variation in sample size (normalisation) the data were submitted to principal component (PC) and canonical variate (CV) analysis. Results were represented as an ordination diagram of PCCVl versus PCCV2. Each point on the ordination diagram represented the mean spectrum for one of the original colonies, encircled by the 95% confidence limit boundary. The ordination diagram was inspected for outlying points, which were accepted as distinct if the 95% confidence limits did not overlap or abut those for other isolates. Data for such isolates were removed and the PCCV analysis was repeated. The endpoint of the analysis was reached when the 95% confidence limits overlapped for the remaining isolates and these were regarded as indistinguishable by PyMS.
Isolates from urine sample 1 were clearly distinct from those of urine sample 2 (Fig. la) . In further analysis, all isolates from urine sample 1 were indistinguishable. However, three isolates (2c, 2g and 2i) from urine sample 2 were clearly distinct from one another, and from the remaining seven isolates from sample 2, which formed a compact indistinguishable cluster (Fig. lb) .
Isolates from urine samples 3 and 4 formed two distinct clusters, with no evidence of heterogeneity within either specimen (Fig. lc) . In batch 3 one isolate (5f) was distinct ( Fig. Id) and the remaining 19 isolates from these sequential specimens from the same patient proved indistinguishable on further analysis.
In batch 4, isolates from urines samples 7 and 8 again formed two compact distinct clusters, with one distinct isolate (8g). No further heterogeneity was detected within isolates from either specimen (Fig. le) . In batch 5, all isolates from urine sample 10 proved indistinguishable, but isolates from urine sample 9 were heterogeneous, forming two distinct homogeneous clusters, one comprising isolates 9c, 9f and 9j and the other the remaining colonies from sample 9 (Fig. If) .
There were no discrepancies between the antibiograms Fig. 1 . Ordination diagrams of the first versus the second principal component canonical variate function (PCCVI versus PCCV2) from the analysis of spectral data for isolates from urines samples 1 and 2 (a), 10 colonies from urine sample 2 (b), the isolates from samples 3 and 4 (c), the isolates from samples 5 and 6 (d), the isolates from samples 7 and 8 (e) and from the isolates from samples 9 and 10 (f). In each case, individual points represent the mean spectral data from one colony (six foils) and the circles indicate 95% confidence limits. The overall outline of the cluster is shown where confidence limits overlap. . . 
Discussion
The results show clear heterogeneity in four of the 10 apparently pure cultures selected. Analysis of batches 1, 2, 4 and 5 showed that PyMS distinguished clearly between cultures from different patients and, therefore, presumably different strains of E. coli. Conversely, the results from batch 3 showed that the analysis did not falsely distinguish between two sequential cultures of the same strain.
The differences found between colonies from the same urine sample were of the same order as those found between putatively different strains from different patients. There was no evidence in this study that the differences were related to antibiograms. However, relatively small phenotypic variations can produce quite large differences in PyMS analyses [8] ; therefore, it is important to extend the present study with genotyping. Furthermore, this study is one of the few instances in which primary cultures have been examined in PyMS studies. Most PyMS studies have been on collections of isolates which have undergone serial subcultures before examination. It is possible that the heterogeneity seen here is a more general phenomenon, reflecting a phenotypic diversity characteristic of all fresh isolates, itself worthy of further investigation.
Whatever the basis of the heterogeneity proves to be, there are at least two consequences for the study of urinary tract infections. Firstly, any study of the properties of uropathogenic strains of E. coli must embrace the possibility of variable but significant heterogeneity between colonies in an apparently pure recent culture. Conclusions based on the examination of single colonies or of 'sweeps' may need to be reassessed. Secondly, it is important to assess the clinical significance of colonial heterogeneity in fresh urine cultures. Should it emerge that heterogeneous cultures are more (or less) likely in chronic or complicated urinary tract infection, the observation might be the basis of a non-invasive test.
